Introduction
With the introduction of welding as joining method, the welding technology was applied as major joining technique in hi-tech industries to the welding of steels for manufacturing of different structures like pressure vessels and aerospace applications. Mostly high strength low alloy steels in thin cylindrical shell form are being used for aerospace structures due to high strength and low weight ratio. The mechanical properties of a weldment depend largely on bead geometry parameters such as depth of HAZ, dilution and bead width. MIG is a multi-objective, multi-factor metal fabrication technique [1, 3] . Several process parameters interact in a complex manner resulting in direct or indirect influence on bead geometry and hence on the mechanical behavior of the welds prepared by this process. Hence, it is necessary to find an optimal process condition in terms of welding parameters such as, Wire feed rate, Arc Voltage, Welding Speed, Nozzle to Plate Distance, Gas flow rate to obtain the optimum bead geometry. Detailed analysis using statistical methods like factorial techniques have been employed by researchers to correlate these parameters with weld bead geometry, weld quality, etc [4] [5] [6] [7] . Purohit [8] has determined bead geometry parameters for metal inert gas (MIG) underwater welded bead-on-plates using 2-level factorial design of experiments. Gunaraj and Murugan [9] have used 5-level factorial experiments to determine the main and interaction effects of process control variables on important bead geometry parameters including bead volume quantitatively and optimal bead volume with maximum penetration, minimum reinforcement and bead width have been obtained successfully. Of late, Taguchi techniques are used extensively for solving optimization problems in the field of production engineering [10] . This method utilizes a well balanced experimental design consisting of a limited number of experimental runs, called orthogonal array (OA) and signal-tonoise ratio (S/N) which serve the objective function to be optimized within experimental limits. Further, to determine the significance of factors on the responses analysis of variance (ANOVA) is used. This paper presents the details of an experimental work on surfacing of mild steel by chromium and manganese alloy steel by MIG process to yield desired quality of surfacing, in terms of bead geometry, as influenced by Wire feed rate, Arc Voltage, Welding Speed, Nozzle to Plate distance ,Gas flow rate which are varied at three different levels. Orthogonal array Taguchi approach has been carried out to solve this multiresponse optimization problem [11] .
Design of experiment based on the Taguchi method
The experiments have been performed by MIG Welding Machine. ACESS MIG 400 Copper coated electrode wire of diameter 1.2mm [AWS ER 70S-6]. Gases used are Argon 98% and C 2 2%. After surfacing transverse sections of the weld bead have been cut from the middle portions of the plates by grinding cutting machine as shown in the figure1A & B. Taguchi's 27 orthogonal array has been selected to restrict the number of experimental runs. Experiments have been conducted with these process control parameters to obtain bead-on-plate surfacing on mild steel plates of thickness of dimension [50 x 100 x 08] mm by MIG Welding (MIG). Design matrix has been selected based on Taguchi's 27 orthogonal array consisting 27 sets of coded condition. The detailed orthogonal array is shown in the table 2. The chosen experimental design has 27 rows corresponding to the number of experiments with 13 columns at three levels, as shown in the table 2. The plan required 27 experimental runs, in which the first column was assigned to Wire feed rate (A), the second column to Arc Voltage (B), the fifth column to Welding Speed (C), the ninth column to Nozzle to Plate Distance(D), and tenth column to Gas flow rate (E), the third and fourth column were assigned to (AxB)₁ and AxB)₂ respectively to estimate the interaction between Wire feed rate (A) and Arc Voltage (B), the sixth and seventh columns to (BxC)₁and (BxC)₂ respectively to estimate the interaction between Arc Voltage(B) and Welding Speed (C), the eighth and eleventh columns to (AxC)₁ and (AxC)₂ respectively to estimate the interaction between to Wire feed rate(A) and Welding Speed (C). Two replications under each combination of factors were used and performance output was calculated as average of two values. The experimental observations were further transformed into signal-to-noise (S/N) ratio. There are several S/N ratios available depending on the type of performance characteristics that higher value represents better performance, such as bead width, 'Higher is Better(HB)' characteristics were used. Inversely the characteristic that lower value represents better performance, such as dilution and Depth of HAZ. 'Lower is better (LB)' characteristic was used. The loss function (L) for the objectives of HB and LB is defined as follows:
Where , and represents the response for bead width, dilution and depth of HAZ respectively and 'n' denotes the number of experiments. The Signal-to-Noise (S/N) ratio can be expressed as the logarithmic transformation of loss function, as shown in equations (4), (5) and (6) for bead width, dilution and depth of HAZ respectively. S/N ratio for = -log 10 (4) S/N ratio for = -log 10 (5) S/N ratio for = -log 10 (6)
Results and discussion
The experimental results are tabulated in table 3. The overall mean for S/N Ratio of Bead width ( ), dilution ( ) and Depth of HAZ ( ) is found to be 21.66 dB, -30.73 dB and -2.53 dB respectively. Analysis of experimental data was carried out using the popular software known as Minitab 17. The effects of five control factors on performance measures , and are shown graphically in the figures respectively. Before any attempt is made to use this simple model as a predictor of the measures of performance, the possible interactions between factors must be considered. Factorial design incorporates a simple means of testing for the presence of interaction effects. The S/N Ratio response tables for performance measures , and are depicted in table 4, 5, and 6 respectively. An interesting phenomenon can be observed from the table 4 -that factors B and C do not show any significant effect individually in comparison to factor A for improving , but their interaction with factor A and with each other is quite significant. The interaction graphs between the factors A x B, B x C and A x C on are shown in the figures 8, 9, and 10 respectively. Therefore 1  1  1  1  1  1  1  1  1  1  2  1  1  1  1  2  2  2  2  2  2  2  2  2  3  1  1  1  1  3  3  3  3  3  3  3  3  3  4  1  2  2  2  1  1  1  2  2  2  3  3  3  5  1  2  2  2  2  2  2  3  3  3  1  1  1  6  1  2  2  2  3  3  3  1  1  1  2  2  2  7  1  3  3  3  1  1  1  3  3  3  2  2  2  8  1  3  3  3  2  2  2  1  1  1  3  3  3  9  1  3  3  3  3  3  3  2  2  2  1  1  1  10  2  1  2  3  1  2  3  1  2  3  1  2  3  11  2  1  2  3  2  3  1  2  3  1  2  3  1  12  2  1  2  3  3  1  2  3  1  2  3  1  2  13  2  2  3  1  1  2  3  2  3  1  3  1  2  14  2  2  3  1  2  3  1  3  1  2  1  2  3  15  2  2  3  1  3  1  2  1  2  3  2  3  1  16  2  3  1  2  1  2  3  3  1  2  2  3  1  17  2  3  1  2  2  3  1  1  2  3  3  1  2  18  2  3  1  2  3  1  2  2  3  1  1  2  3  19  3  1  3  2  1  3  2  1  3  2  1  3  2  20  3  1  3  2  2  1  3  2  1  3  2  1  3  21  3  1  3  2  3  2  1  3  2  1  3  2  1  22  3  2  1  3  1  3  2  2  1  3  3  2  1  23  3  2  1  3  2  1  3  3  2  1  1  3  2  24  3  2  1  3  3  2  1  1  3  2  2  1  3  25  3  3  2  1  1  3  2  3  2  1  2  1  3  26  3  3  2  1  2  1  3  1  3  2  3  2  1  27  3  3  2  1  3  2  1  2  1  3  1  3  2 careful analysis of the response table (table 4) (table 5) that factors A, D and E have the least contribution to minimization of . However, interaction between factors A and B, B and C, and A and C cannot be neglected. Therefore, the recommended settings for minimization of are at levels 3 , 2 , 2 , 2 and 1 with due consideration given to interaction effects.
As far as minimization of depth of HAZ is concerned, factor B is most important factor among all the factors, whereas factor C has least impact as shown in the response table (table 6) . However, the interaction of factors A x B, B x C and A x C on are shown in the interaction graphs of figure14,15 and 16 respectively cannot be neglected. Although the effects of factors A C and D seems to be less significant, factors A and B show significant effect compared to any other interaction. Hence the optimal factor combination for minimization of Depth of HAZ can be given by 3 , 2 , 2 , 3 and 1 .
Analysis of variance (ANOVA) of the experimental data for the responses for bead width, dilution and depth of HAZ was carried out to check the statistical significance of the conclusions already drawn based on a simple analysis of means. The ANOVA tables (tables 7, 8 and 9) show the influence of various process parameters and their interactions of responses. Analysis was undertaken at a level of significance of 5%. From the last column of table 7, it can be concluded that wire feed rate (0.706), Arc Voltage (0.695), Nozzle to Plate Distance (0.470) have great influence on bead width. While interaction of wire feed rate and Arc Voltage (0.850) and Arc Voltage and welding speed (0.603) cause significance contribution to bead width, the factor welding speed (0.913) and the interaction between the wire feed rate and welding speed (0.996) show less significance. Table 8 indicates that, the Arc Voltage (0.092), welding speed (0.418), Nozzle to Plate Distance (0.726) have great influence on dilution. The interaction of Arc Voltage and welding speed (0.606) cause significant contribution to dilution, whereas the interaction between wire feed rate and Arc Voltage (0.070) and that between the wire feed rate and welding speed (0.616), along with the factor wire feed rate (0.007) have less significant effect on dilution. Similarly it is obvious from the 
Confirmation Experiment
The optimal contribution of welding process parameters has been determined for three responses commonly used or hardfacing through MIG in the previous section. However, any design of experiment strategy emphasizes conducting a confirmation experiment. Therefore, new combinations of welding process parameters are used for verification or confirmation experiments and necessary predictive equations are developed. The estimated S/N ratio for bead width can be calculated with the help of the following prediction equation:
ƞ₁ = Predicted average = Overall experimental average ₂ ₂ ₃ ₃ ₁ = Mean responses for factor and interaction at designated levels. By combining like terms, the equation is reduced to:
A new combination of factors levels is 2 , 2 , 3 , 3 1 is used to predict Bead width through the prediction equation, and it is found to be ƞ₁ = 21.96 dB Similarly, a prediction equation is developed for estimating the S/N Ratio of Dilution, given in equation (9):
) ƞ 2 = Predicted average = Overall experimental average 3 2 2 2 1 = Mean responses for factor and interaction at designated levels. By combining like terms, the equation is reduced to:
A new combination of factors levels is 3 2 2 2 1 is used to predict % Dilution through the prediction equation, and it is found to be ƞ 2 = -30.30 dB Similarly, a prediction equation is developed for estimating the S/N Ratio of Depth of HAZ, given in equation (11):
ƞ 3 = Predicted average = Overall experimental average 3 2 2 3 1 = Mean responses for factor and interaction at designated levels. By combining like terms, the equation is reduced to: ƞ 3 = 3 2 + 2 2 + 3 2 -3 -2 -2 + 3 + 1 -(12) A new combination of factors levels is 3 2 2 3 1 is used to predict Depth of HAZ through the prediction equation, and it is found to be ƞ 3 = -1.99 dB. For each performance characteristic, new experiments with different combinations of factors and their levels were conducted and compared with the result obtained from the predictive equations as shown in Table 10 . The resulting model seems to be capable of predicting , and to a reasonable accuracy. 
Conclusion
In this work, an attempt was made to determine important welding process parameters for the three performance characteristics bead width, dilution and depth of HAZ in the MIG process. Factors such as weld feed rate, arc voltage, welding speed and their interactions play a significant role in the MIG process in hardfacing. Taguchi's experimental design strategy was applied to obtain optimum welding-process-parameter combinations for each of the performance criteria -maximization of bead width, minimization of dilution and depth of HAZ. Interestingly, the optimal levels of the factors for all the three objectives happened to be different. The analysis was further supplemented by a more rigorous statistical analysis known as ANOVA. Identified factors and their interactions were validated through a set of confirmation experiments.
